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FOREWORD

In conductig he research described in his report, he invesigator(s)
adhered o :he "Guide for he Care and Use of Laboraory Animals,"
prepared by he Commitee on Care and Use of Laboraor Animals or
the .situa of Laboraor Animal Resources, Narional Research Council
(DHENW Publicarion No. (NIH) 78-23, Revised 1978).

For the protection of human subjects the investigator(s) have adhered to
policies of applicable Federal Law 45CFR46.
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A. Contract Backgounld

The principal invest : iat r "W.I a W/edI d, I , ,n the U.;AM D )C
t.c tun from 1 March 1979 to 31 DeteIbI )) /heie; .c' ,l t1)80 .. onti ct

- %'." included preparation and tustinq oi I t-i Lot vA ,'!:,o t.- i o .i ;
aeruginosa infections up to thIe humaIn trial sti;., l.veloUtm,.lt Ut u Ia;

for measuring the antibody rest onse of immun i e,: i :i lee(td i, 1iv:itdtiU;,
testing of the immunoaenicity ot the vccinc I iidct iiin-mtis, aL::.S-
ment of the material in cempromir;ed animal Lost m.ost. is a prot ctiv'

agent, assessment of cell mediated protec i.. , , haniris induced by the
vaccine, including in vitro celllilar Stud't,: r,' crni it. -oi at he neijetic
basis of response to the vaccine iin inbred mor.; t*i :,. md in.;:.;ment

*i of the role of lipopolysaccharide (LPS) a. An iI aD mm , or nioli.'.ic,,lV
active component of the vaccine. The vac.ti, i a ,i.ii :ieular w,,qiit
polysaccharide (PS) maLerial isolated from Lhe ouit e _l Aace or,
cultural supernates of P. ae ruginosa (i) . in it tyl , ; I m W" "des
have been shown to be effective vaCcines Ior I U , a Mmm (:- b..cteriall infectionls,
such as meningitis caused b Ne'isCrja.. meninit-icis aid pneumonia caused byStreptococcus pneumoniae. ince P. a_'Iru'Los infections are common compli-

cations of wound and burn njuries that occur in militiry combat, this
high molecular weight PS p oduct is beinj dveleped as a loLential pre-
ventative measure for thes infections.

B. Progress of Vaccine Developmenmt and Preparat-ion

Our contract proposed to prepare, by uu, ..-jviously dem,:;cIibed ImIt lod (1)
a high molecular weiolht PS preparation from min.inot:yo 7 (J','-7) P. aerUginosa,
test this product for chemical comosition, :aer01),icil actvity, iU nuinoe(TQn [city
and protective efficacy in mice, detormine it-; mnle la si:, and Iest its
toxicity in rabbits, mice, and guinea pigs. IT-. a. ae, aino.;sa was oriqim ally
chosen because the PS antigen from this molecule ai).eoared to have the qreate,t
degree of cross serotype protective efficc.'y in animal protection teUsts. III
addition, there appeared to be a high degree of bi-idinq in both a solid phase
radioimmunoassay (SPRIA) and radioactive antigen biaidirn assay (RABA) o! antisera

* .. to all 7 Fisher type strains to the IT-7 PS int. ic;. li.wever, atteipt; to

pruduce a vaccine frm IT-7 were problematicaL, intudin;, low yields and :;ere-
logically poorly active material. Ii. addition, Irakc'( ieaation of the P-7 Its by
ion exchange chromatogjraphy on DIAE SephIdLX C..I om;is rveled up to 9 distiiict

' O fractions of either serologically or optically (.mdec,-j.[ion at 206 nm) active
material. These fractions were all tested for ther j?:,,eoLi e iv 1 tI-icac:y in
mouse immunization-challenge experiments, and tii( 1'.m: UltS weret2 did ist.iIit qtT.
None of the fractions showed very good protective 12ii.cacy. A3 a ressiit, we
decided to develop the vaccine from the IT-l strain of P. cAiuc ;no:na. We have
had the most experience in working with the IT-I st raii, and ha'd consistently
good yields of PS antigen from this strain. IT-I P. aeruqinosa also shows an
almost equal degree of cross serotype protective efficacy as does IT-7 in
mouse immunization-challenge experiments, Ind of ter ; the advantaqe that the
serologic activity of this antigen is readily di, ,troytd by t re.atment with
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dilute alkali at 37 0 C tor 2 hirs. '.his treutiqoii' Jo-: I; ff(t t - so2t oi
serologic determinants on thc II'S from IT-! 1'. 'a! ntiJ 1

d ai st-Inut
- ~~~from tile PS determinants (IT-i I'S serel-oq;i( dC'l f . j d X ::;c

on thle IT-1 LI'S. Their re Ia Li on alld clierial ffQe r docaUMen tL'I

in the 1st annual report oil this; contract).

Thus, preparation of thle trial vac~ii';u.: inI!-1 P. lerUqinlO.1;

has been done. We have tousted tile product ill W; Frac' ioodl and Din';
Adnuistration (FDA) requiremeunts for pte _c t1i 1 (- 1 f',L, U tx j ty an~d

sterility standards, prepared ind subm 41 te -,(. 11 111VOSt i 1 1 tt jolt, New D uj
(INr-D) appi icat ion to thle FDA (FDA Formi 1571) , 11 cli nic-i i hiiu 1oL()logy

protocol (FDA Fcrm 1572) to Lt :;t t hu ratt i,: i: hum. t-,;, 2 t 14. the SULIt~on,
Genural of thle Unli ted States Army it, dUCK''l tI.~i 'lru ,r:t, oh i.j+1t i.YL;,

as well as notified thc U-. Aim/ liuin,]It U-l' CY&v*( w0Ic'our 111D
application. This appi ':-At io011 L ,il, p I' A I i .:t~I V )t.i

FDA Form 1571 we have docu:.tenjted tile I'.I1.

1) Preparaition methi - ot matv. 1,1!
2)chemical alialy-'es of I i nai pI di:dc

3) Inuinuloloical _td sioI( JJI. v'jt; the

finial product
4) Animal toxi:i ty r.u aof tile I a pihu

5) Sterility testi (illt :t i iial pr, 'iu(tt

Ini ordc Lo void relitut itio) on 1 -o' It !i o-; ','fe. (tat I at, ntot
rep~eated here in the annual report.

Further progress onl the development 41nd jl'Ce;r a V itI' 11t the' V/aCcl n11r0t
documented in the appendled IND application jtcrI~detetin1iat- ion of It to lot

* . ~variationl in vacc.ine production, and improved vacjine piLoJuct iotonLo2Ch-
* *niques. In order to ascertain the variability inl chemical Coinpojition and

immunological activity, three different lots of iT-l PS vacc(ine have so far
been produced. Results on the chemical compositionl, lmono(_SaCcharideI components,
and serologicail activity of these preparationa, iio ireseiited inl Tablos I, !I
an~d III. The lot designated VL-III was the one i;ivon to the Massachusetts
State Biologics Lab for bottling as oui vac.ieo 'etulIuct s~ w
more lots of this product are(- scheduled for pt 't i rinq thf. cti lent
contract year it. orde to establish lot to 1,! )t IIII 'it.lotv

because of the cose.),;ly related results 1o: 1d L. \ I , V I- I i id VL- ;I I , we
felt coinfiuent enough to usQ lot VL-T IT in- h.r .11-

We attemipted to improve PS isolaitioi. t ~',itii '11"i t a of!; (tlt ti! j id
media (Trypticase Soy B~roth, TS3) , vart at, ow:; *t aic aIeli; th s
d~uring the LPS lhydrolyIes step, use a i a c' I It- Cli l iit . eI' a ni

(a Sephacyl S-300 versus thle old Sephadex t1 Il d Tt r cdlt,q ot Ii I; itl
defined media consistiimy only oL salts wi.t h i k:c trhit ,i Il I ro-f(n an1d !nil I Ia

*source. These tests were A1 1 completedk Wit.!I t~ Ij_ of) JowI.Vik rtslt
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TABL, I

Chemical Conpositiur, P T[ '.:
Lots VL-I, VI-IT, -5 d ,-

COMPONENT A'4 {

V L-I '_- 1 VI,- 1i L

Carbohydrate 72. 3a 7L. 73.5

Lipid <0.5 < 0. <0.5

Phosphate <0.5 0. -0.5

Nucleic Acid 1.1 _.. .

Protein 0.7 1.1 0.9

Water 23.1 22.1 22.2

a represents weight percent

V.

-4.

5....

-e - ~ S



TABLE I I

Monosacchat ide Compositui~ of

IT- I l'S LIots V,-I , yE,-Il, aind \L-Fi

*MONOSACCHARIDE AMD:E 1'-

VL-Ji II* [ V I I

Arabinose G .

Rhumnose 4.1 1.I3.4

* Nar.8ose 60.0 0i '2.2

G~alacztose 19.1 21.u 19.8

Giucose 7.2 ~ 7.9 8.5

represents mole 1prcent of Lotal moles i(&(lti i-J

'p

-9%



TAB~LE'1 lL

Serk lg i c .\ct-iv i y 0* 1T-!
Lots VL-I, VL-II , nVI-i

'-SSAY LOT; ii

VL-I VIL-1Ii VI-l1l

Irmuunodi f fusion
Titration 0.2512 0. 1 2 0.063

- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -

Ifemagglutination
Inhibition 8- 7'

arepresents lowest conCeftration in ~i u (Ii\'iC visiolt
precipitin line

brepresents locr' dilution of a 1 m,_4/ml s3oli-itA.c~i showiflcj

positive hema~liutinat ion inhibkitioii
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tainination wi th media Uop te Ls 1-. at I it I8 ti iro iii mcv ii m- .

- iemrajies yielded both al l tl1a f 1iiterLed (t,') :111'j ~t j i od(8) 00 t J

Inoculation of untreated TSB or its UP or 8I" I t 0: ,i tl, P-I 1P. At'. tl, j iOSaI
produced a filial optical den,!sity (-)I) -L , ~iIr 'il o. l d 1 ;P,

'V ~~1.6 fox: the Ut' fract ion and~ 0.8 Rrth I r.~ I. j oiri rd~t
about 1.3 lugs less growth in tire UL' ftwc o i~ c to 111t ica t -d
and 1.7 lugs less growth iii the 8 f ract. ion. Z, Ii A. . I W iid 11( P. n odiv t i u:l

are directly correlated, this iiidk.:teA that !A t .i t i t. ic: L,,1w.1; 1ut A~ (IoA
meLhod for improving P S yields. Attemipt:!; tc .a ,:. . .i,Ct~ a ol TSt3

% 'J~~ave simi l'r reisults with but-h1 thle Ulr alild i0 i- no; f': T:\l.J shuwM:ij1 !ia-u
grrowth of organisms . We dii , hoCWevur , is I it v- -: iof TSB thi-t i.s of

*~~~ a iigh enoughr mnlec'.; Lu wt ich L to Poss ib lv III o . c i no * ill OF roe to
determine if wo could assay for it_:-, Ie~r In i i:, 1t1 cin 10B
The material did not show ain': f the pi oton. t t )I ra'': L.jd 1AF ipro t iiso,
gave no peaks by yas-iiuid L-h'. anat(-'4rai~, I-' h( teenc of c tbi' 0t

()r lipids, and ShOWed 'I)Li L al *.uur il(Co I .re w [:,1 v/ r,'i ( abc in t 207 rnr)
* Thus, we could not kise any to uri known ,t,:< :.;.rv 1(, ci t. _ 'tr ene.

ll owcver, as shown below in ,( we ,Adli ]ti lOnC !tol ol th t ~n 1Uis I roduct

f romi our ac ie b% I a u: .1, a ! i Ifor (-!t. mnr.lt:. 1t.4 :-: e luriur.

2) Vacia Luolis i-il the 'ic-j,, 30 'dcl S:Ol trUsed duringt the Li-S
4-hydrolyses step. Lii o_- ter to reLmovo the tux i !,P, c'nmpoQnt f-inour v.ac-ci.nul

we employ hydrolyse-; )! the _,iude Ps prlir.t ..'t icetic acid in- oitdcr t-o
cleavu the LPS pierinto iL lip-id A 111n1 j u'%. si;c-liaride ("0" a ide clxii. nl)
ocomponents. These iice then uasily el iinili~lted i .'rrreoin purification !steps.
We found that when c.ido PS proiariL ions; at- l!.I :1o in 1% acetic Ac 3., j

C:unctntratiuil (.A ac-c(t cc- acid ic-in to Le 0,i- f -tov utrifiL-d LPS into it5;
colnjonen. s, the resuitl at Ip11 iS JIbout .i. i:.L I'. ac:tic acid L; 2.8.
We thus tested a rar:g of pli values f rum .'i- . or Lheil _t ictivne; inl
clertviny the UPS while doinq lea>.;L harmi to S. xr rc;ri . (rlablo. V)
show that at a p11 Awve 5.0 there reiia na otor il rIS i.n PS repairut jonf
and at a 141 above 5.4 thlere is e1rnia !(. :;; oI0 It'S ic to ace-Lti cacc
hydrolyses. The presenice ofL LPS was detrniiried b-,1 the arissirit ot seyrolocjically

itvo Alkali st-abl e LPS determinant remna i ucigl I 'Lc- trui--mnt. A 1.4 1 o!1.8
,o rio ef fect onl the Limount. of serolciqi ,:al ly1 i S 0 ct o i';

darLa we cuncludled that th,3 pi1 d.urilI njUs hydro.I_-;'oeo nItC'!' musEt bf less t_1111
41.8-5.0. This usually ineansi an acetAic ACid (Arnrt1i Tct2..'hrus, we
fin-: our optimal yield of purified PS to ocr:ui wli-2n I H olF 4.8-4l.9 is used.

0 ~~This leaves us with serological ly active,irn ei PS utill zi Ir tlinc es
haxizh treatment to eliminate LPS.

3) Usc'- ot a di f rerrn t 'oI'ul. ; K lini.q,: hid incell

isolating PS by takiri3 thu void volumeo I. racti ()n; ot ar Scj arox P-2i o 1 aln.
- ~~We tound, howe.vter, thit. this Qvci'r -011i t t, t illiuc, or ;i

50,000 moleclar w. ignir . Thusj the o'.:uilbi I~ :Jy o; Ol,~~~

S -30u , provided us wi t. 1, ropp('li t--ii i t.y to mrq iv rh II I a ir oo'> I
weight PS free fromt ismstl ci .ized ,no-imrr Lc nrintS. i ''-r
also had the added b-ncr it Ot a .I')wiii(j a ou S:I tni iiont~'. l
to clute ahead of t1,u- desired I'S fiact i(,'o-r. I'll r .i rrr I ay h'



TABL' :.V

ii. ..- Effect of pH on i<csidua] ( :III, I,, .
fellowing hydrolysus of crudt, It p'uarat ions

IAL LVI Y

; .. pH , A ] '

Untreated a

6.8 ,

-. 6.2 67

5'.. 5

5.2 -

5.0 1

4.8

a represents log. dilution o treated l~t];, ,iving

positive inhibition of hcmagglutination -j:!ay :.,- i

" for LPS or PS

4.:

od%
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.iu l nucleic 'Lcid, 1LPS , )I th lit,~~ A 41 1. .1 .iUt

rnje.,c is a small amo-unt of h joi i mU Lc Lit. w, ., iii- Ij .f

iii TSB. This mi1-teicial (see -1 W)e, :1,. I) will

of ani S-300 cilumn i o 2.6 X ii)J) cii a ~ i ''1-11d L ii 1- Lii.]:. 1..:ii f! !v

iI'ts --,I imni.iaticln f. 1"iTi ourY Uj t I, I t 1.01"

'1) Usc 01 dotjii,2d iiinimal iiedi.. itt a tIA-u~i U

by Lpowth ot P. aeruoiii.osa in a variety ot mtn iilil. ;iiawLt-i V.At bOIL; (Lii buln

sources. All of theso 7chc. iowd comparoble i ,wt! hot thet( ,;!-;wti i-i

much less thcrn tiiat ini TSB. Also, LeO11 PS i oJ I -1L,)It t11 ic;U 11illIL'i

miedia showed no ,.Jv.,iitaqu int,, 1flis U of 'J~ .4io i ii LiVit .

innaulio 2nic ity , nd shilowed s Liii K r Lhri -, I c i i it oii cld i il c ide

c~omponents with PS isolated fIm 1';-: cu.; tinl 2.;. Ii inIih1.cvrw,.

used to prepare. tii iitrintsi aly Il 1ibe I Le,!it*i. :' I~1W

C. Progress ot Approva IFor fi, .niiiLrii

As noted in s:ectLioi A dl:ovc., WO! Fh Ai.5L1i l to II-

Bureau of- Ujolojics (6bob') of tiio IQA Foin 1j/01 <.1 .Ii !,)I cii

eIiivestiautional NwDrugj ii. jumal .s. Ih *:. [141 i1

pr1incip~al in1Vestigator, GOralo --. Pier. 'J ii i.; LlJiVi DA Im

L5V 2 from the clinical iinver tiqJawl(s, Dtry. 1i siil; 1- 1: ;;k it,,; 1'
Griffiss , who will adminstrtevcii jilc.i i: '> : oo ;i

notified tlic- U.S. Aimy Investigatioil D!Yui RIk ,7:w zoai .1tioi:tei
of The Surgieon Gener~i as wc211 as the c )ii i .2I i~. i\ O 0;1( ot

thle U.S. A rmy. Finally, Dr. El~ward Ai. Kasrs, D;iI~LLOi WAt~i

Laboratory has been lioLi fied auG( wi IIrcIwt i i (IS .1

cliinical safety and toxicity stud1ie, ii sn n lii1;: to luiL N;to
.iurnan trials. 'ic;of the P'DA forms a;i.J ho o ii. l 2C4s his
reportL.

*The current c:ontract runIs throuqh 31 Deueiier 1980. W(- allLicdpate- initial

haaid trials of the I'S vaccine to commence in ;,,TLeinbc. , fl lowini; the ex-
piration of the 30 day waiting period required by the PDA foLlowiii'J submission
(-I an IND application ndconmmecl(emoent of humlanl tcstiil'J. 'ilhc :omjpletion of

the iirst part of Phase I trials is expectei-i b/ the ex[pitaLicon date of this
cotact.

1). I'rcyress on L(-uvO lopmlen of Soru Jojk i.I As:;,,

W~e have successfuliily developed ail 0Ca:.1\:t- y ( I' 11, lei : ~ i~ti

radioactive intiyen hi iili nq assay (RAE3P) tlcI>:: lo iin oin:

imiiuniizcd animals .Ai", humi n1:3 to t he IT-i- 1". v, 11C ' -4 ; C:; Oh -h"i

nriowtli of P. aeruginiosa iii a iniimot sa in Pni01 1-0( i- J-,/() wt.ile

to empLloy a media eeiti T g il. 7JRdPO,
(Nilj) )SO,., J.oi1* ir,, 2t0 r!(' of (,:!' .;odjiinii &:-ttii u 1i'oli'' i W t. ui 11 1 1/
lII'c2lled PS. The It !U~t,I. IS w,.:; .;r!~ciI iI ii ' l ;i;:i !. t'

* preVious I'S preC!,1iit 1o1;1id lilt .1 !le- i I i iC'n i t t .)I T11.Yti. li'

Wa%



RAB3A Lissay employs 150 ujuti ot the. C"~ Ltbe; Led !i-I . i' L ,a
10J l,.1 of serum. CorrulatiOll L(ou-fti n _L J_ Vt L- u
binding of immnune mouase andi r-ahbit sera %with T.i1' I i a ti odiy
tration of these immune sera jAe inl L: i .'~, h l
to compute the 'Wj/'MI Of Antibodly I ound i ii ra!bbi _:i: *ea

test is sensitive tez.oucjh to allow us LG bu: 11)IL2 dji or t-11'
results whether or not an aniil is inuun j )Ufji ::i t iiiiihuh'.t)Oa[ i~

withl the live, hozioioyjus IT-i otrjanism. We ii.- c:ut. y lo be iniq
studies c ai human sera with this assay. A sa.. t (' YmAVUL hlUMi:: Ser1a
revealed a bindiuiq ,r cntae rie o :i- , 11,.t ~ &~nt * i

lasthan 20% biritqii Thus, this pro I imtii-tv 3i r1(I t. a'. I uA
* .prevalence of antibody t he vaccine io-n at. 11 11 1 1m ni:

* ~~~~We are currently in the 1orocess ofdv )Jjd 01/fO tki
iniTunoabsorbent assay kELISA) for dieteiminUat on (, antb)1 ie;i~uada
op:3onuphagocytosis assay for dectermtinatio (o i. _ i teitI

E. Progress onl the Analyses of the 1IL1ntunolor ii es:,onae of Mice to P.S
Vaccination.

We have previously shown that the C ill -trci it Of molie is .a qoud anlit-
* ~~body producer in resr1on.et tmun~ tio hwi Li i .j-j 01 t+c '1P- L 2 vceI 1

Anothet mouse str.ainh, iAALB/C , is a poo r oi(_ l show i rt.j t)Ily '] mi ro ma I
antibody respos; oa5 ~ oae TheSe-_ ant i; d','l;e1ottus iiZave ben
mcaiosured by the local lekmolysci(.s iii i ,or pli ua 'e*: j!-mtn~ -1 (1,FC)

ttcim.h a us well AsbeorRI.

Over Lte paSt eIwe necv(_ pet~rri d:,,tllt.. ttjc: eimnL

i' Asse.sumont -i tin cner:;o.f,~'e \l ol c~tt, ot_ IT- I S.
Wk. 'n ve futltnci that a I ')fd~aa IT-i P'S Milusa n itu 1im I dose;
t,1e ed to induc;e a good iiwiaA-,re response in Ci lAti.'uhhi;Iic r dunses
(up to 5OC; iy) of IT-13 FS may produce mote un iliTahona \iol e V') in
gjrol., s ot ina iviJ':al ffLl. , ulhere aplicL-rs Lc 1,e ito qa iin in t Criins of ab a 1 tte

%tRUfL of antibody by usinq those ilc-.C(2_i d 111±

2)Assessment omtiiyrus dependen.:y oi) IT- I [-, lint iq(aen. Mary poly-
s, nhride ant ic-ens are so called T idpnltn't iric- 'because 1hey do not

- require the presc oif helper T cells tor ndci: -i a iituiuno i:CSponse
*(2) . IT-l 11S, however, alppears to be i T-depeti i( iit at i %il bceausn t reotmetit

- - (t mice with anti lymn 1o;-y t ese'rum, known to(- l-i, o. 1' out. TI ceIi s, reduces, hi'
830% the PE'C AiiJ RABA ccniji, au f C3[1/AJi' i8100 ' Iel V1).

* ~~3) G12netiLs Of Lit-rli'l: to IT-I.h rf iI 0Let*i ml'2 of
A IALB, C X C 3 11 a nd C 31 X BI 37 1 1/C ,-C, s ae s w e re t alt au t ( 1 cOd re-gonder,; to

:' muriizaticen wita IT-1 PS3 (Ttble V11) . 1ni ey ea;t 1)(; 1 V, b-tl! male and teniwi c
mice with CA3!i mrothers sho.)wed a sj hi !ican it Iy Ii rI t01 to the IT-i PS
immun izat ioni than did "irti laL F, pi.[ ((- with rAt. ittidt. Ot lic worket a,
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TABLE' V

Serum antibody Responsos in C31 niceNI' !.,nce

fC lloWinyj immuLizatioli with 'l--I I"

.- .. ,
""": ~~DOSE (uo,) .. . i 51

Lot V.L-J. leLu VL-III

0.5 2.0 2.0

10.0 17.9 NDb

50 18.2 15.5

100 21.2 16.3

250 ND 14.8

. 500 ND 16.9

a
represents average ug/ml of antibody i-tease over pre-
immune levels for 5 mice

b
* bND -not determined

,*'. A.ii

4"",

.dq
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TAIJAi, VI

Effect of administration of nti-lym,,'Iytt :;e:um (A,:Lt)
on C31,'/ANF mouse immune respon:;c to !T-I P"'

*"-' ANTIGEN DOSE TREATMENT ..SkONS.

ug c/n

1.0 NMSa 17.

L.0 ALS 3. (

50.0 rJMS 19.1

50. 0 ALS 5. 2

NMS - normal mouse serum

b represents average increase over pre-;rL a ].cv,'s of
ug/ml antibody for 5 mice

0-

V-.
°.

-AL°
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rABLE V Ti]

Responsoc o 1 311 -aA ciIt 0' nj

Balb/(7 x C3H (CC3) FI mice o i , )I i:-.1 i's

SERUM

ANT i UDY
STRAIN SEX u, 'i L

CC3 F a 4.1 c

CC3 M 13.9

:3C ' 22.4

C 3C M 7 5 49.8

. a F = female, M = male

b
-. '. represents average nuaber of plaju( 'on i-n; c'elln;'leen

from 5 mice

" C" represents average increase in ug/ml ov.I- rto-imnunC level
for 5 mice

20-9.

-0

4o



13

have shown thu existkence of a 1tit _ i" I kI cc n thc I suerice (it Das'lI
6erum levels of IqA (3) , andI we are curictnt ly (-X . Vi o%;i l relation
to this effect with the immune t.Csponsu Lto OUL v. (cx:i1j We have reJc!It ly
shown this ef fec.t still holds a-t L) monthi Wl .11C Or thc';e. mnice, .iIthougli

mtale Fl mice with Balb/C mother,, -,howed of I-; ot rI ed 1 :!tpO~i"!e thalI

did female Fl miice wE ti Ba Ib/'C inothe rs wifie ., em r~ i!-hur. woi ()
female mice with 2:311 mothers.

A second parameter of the tgemiet-L IC ,_ 1a il; 01 Uil I' LUst: (11 mice to
the IT-1 PS antiyen was explored UaSinLI niiP, wi) dii t'' cu 12 pes Jnd
mice congenic WiLh C311 ice excj L ait thO l-.' TtlIibe V1IJi:hw no

- correlation of H-2 type with resl onsL,, si:, C ii SW mc ma difi ci cit 11-2
Lype were good respenidtrs, Whle1C-s AKI(/J .U J ni mi--, 1-Uth jpossestsinq thle
same H-2K type as C-IiI/AN! mice, were L our I (,,,Ioi. I Li5

-4) Detei.minatioul of protect:ive mc;:l in: .. i;i i allC irticu. The poor
antibody response of baib, C mice to immuni- t i . i 'ti, rT-l PS l~ed us to

% ~investigate if the Irotec.t ive mechani~sm 1,I (-)v:; .AmnuiL zatiof was cel~l
mediated or hmuor-.l (aiitibody) mediated. I ic ~ oi U.5 nil of

* ~immuILie Balb/C SCI ur, was, in lact , ~.~di ; iprotec-tiun (Table IX).
Ad sorpt ion ol thisF sL mI ZIWith IT-I oirqaii:; f; jpt i~ uto(t ion. The
large amounit of suruln needed reflect. e~d tiw :- 1.vi' c,! anI-i body 1cusexit in
this sera. Passivc transfer of imn.11 Km 14iii veols 11: O.,e re

* -. ci. tective in conferring paSsivte proutect Q):i [;: I cc or: .i si cial leniuu ('l'ble
X).A large number o' cells hadJ to be tr,.mic_ .i0 ini '[('1o t- L.i'i t-ticm

Iprotection. Non-immunle sp.leen cullIs were lie; :i L'I .. AnU _ttcmiyt to (lei inc
the cell type involved in this piotection wit:; <v . ;by t Ieat ing lia I b/C
rplciun cells with either Aniti- mouse !(I uicl comi Lk menL (,) a1tit-tileta serni
and -om;plemient, to kill B cells and T celli s rusj .- vly The resuLts
(Taulie XI) suggest that a theta sensitive ma,(ll i:. vc jIL p,.; sivC pr,
tecticrn, but unf ortunately the resulIt:,- aiid LiLA ii cstt i stica 1 s iqni t jarilc.
Thcsfe experimunts are being Lepeated umsinm m iticl numbies.

Ani interestinq Aii- potentially u:,,_,:ul i1i'Ittlinq at the problem
c f cell rn~diated illcMLmnty inl response to iiri i .2 it Loi with IT-I P'S has ocen
discovered by the principal investiyator. Ilali>' i'c Oiven a sub-immiunoyenic
(I pg) dose of IT-I I'S and 75 PI-1 Of thel di.L :; i ire protected aqainst
cha-llenge 7 days later with the live, ,omol(c'io :1 . ,ruginosa orgjanisms
(fable XII) . Thi., 'routec.tion is spec ii ic 'Thr IT-15mKm (Tayble XII) , anld
c~:i be passively tr'A:i:34,.:rred to nor-imuiL( ni c C i I'' I 4lun cells. 'hi s
.c ll number is almoL- f a loq less t hani t ho r i n-bl (-.I I i cen, (ed to con ft I

* paSSIVe protecLtion Wf'11 no VinLJliStinl LS 'i Vkmil (TiPl X t) .FutlUeti ore, we
* have ~shown in ovter ';, individual Ba lb/C in iceI;i dose 1f T1PSue

nlot induce measurabit- antibody1 in this mousIstFi mi evc'i if gjiven1 with
Vinblcistin. Current -t-tidics are underway to d.tt'i~m. tic the kinetic:s of Vinblastin

S a~nd anitigen Administration in induc:ing thi F L2frlm ie cell type involve
'5' nd the mechanism of enhanceud inummun it:'y fol towiim( V in tiamI t i ti treatinen t .

% . . . . .

%
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TABIA: V1 [H

' Response of Various Co:i :i.iii" £1 i ! ;tLr .lill!

to a I ug dose of I"-I I5

~~ANT I150'DY tPILS ' 3N Si::

STRAIN 1-2 I' 1,-

C311/ANF k 1 9 . 4 d

• * C3H/SW b 18.2

AKR/J k 2.1

C 5 7,'BL b 1.9
5..

C57/Br b 1.5

- C58/J k 1.0

a represents average increase of 5 mice i-. i,'/rrl of ontibody
to IT-I I'S

. .

.

".i

'p.

t.-'5
5'"

D9.



TAB~LE JX

Passive Protection of IBalb/c Mict. Wit~h Noil-A 1 Mousec
Serum (NMS) , IfV-] I'S lnununt2 Mous ' Fciumn (IMS)

*and IT-i PS immune Mouso-, Scrimi ad:;;i~i dc with

IT-i1 P. aeruqjino s z t-~L

AMONTNO. SUIv VulRS,
SERUM (m)TOTA 1,

NMS 0.5 0/5 0

IMS 0.5 5 100

IMS-ads 0.5 0/5 0
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TABLE X

Passive Transfer o ImmuniLty in bhub/C mi ,.c
using IT-I PS Immune SpIluCol 2 1

(ISC) and Non-Imrune Spleen (.'J 21 (SC)

NO. II-,J' R'S FI 'NT

CELLS NO. CELLS TOTAL - . ;URVI VORS

ISC 2 X 10 7  1/5 -10

N ISC 4 X 10 7  ".

-. ISC 8 X 10 /  "l00

NISC 8 x 10 6.5

.- I:,

0[g

'" "ii
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TIABLE Xi

, -Le'ct Of Anti 1g and C' iirt Ai, i V'f- A
and C' oil Passivye Trum3 t er- w lmmiv~

in Balb,'C mic;e usinuj IT- 11:

Immnune Spl.2en Cells (1: .

i 10. PERCIENT

CELLS TREATMENT NO. ClELIL2: L;X~VR URVIVORS

ISC None 5 X 10 750

ISC Anti Ig + C' 5 X 10 750

ISC Anti Theta + C' 5 X 10' 0

NISCa None 5 X 10 il 0

N1I;C -non-imunne spluen cells

qa.v
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TABLE XII

* - Mice cjiven 1 Wig IT-I PS and Vinbi.sLiii in)Q

ANTIGEN AMT. VIN. AMT. ORG1NS 1 t;liPV i VO ES I1 RE-N T
(ug) Cuj IMJOYI;)1 A UPVT%/uk;-

1 75 IT-I 9/.i

1 - 1T-1 0/5 o

0 75 IT-I (./"3 0

1 75 IT-2 .4

o 75 IT-2 01' (0

1 75 IT-3 1/5 20
'0 75 IT-3 0/5 0

1 75 IT-4 40
o 75 IT-1 0

1 715 IT-6 ),/5 0
0 75 IT-6 1:5 20-

I a1 x 107IT-I 10/1101 100

NISC I x 107IT-i 2/ 10 20

ISC -immune spleen cells; NISC -non-inlununle :;plenr --ells
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5) Basis ot responsiveness of mice to LPS iimimnuization. IT-I PS and
i - LPS share common serologic determinants, m~ikingj it difficult to preclude the

occurrence of LPS in PS preparations as beiiig tru;onsibic for the PS' immuno-
genicity. This determination is further hamper,(. by the very low amounts
of P. aeruinosa LPS needed to induce an immune respnusi? in mice (1).
e therefore attempted to use C3H/HeJ mice, wh iCl a1* genet ically Unresponsive
to LPS from enterobacteriaceae, as a means o0 im-,isu'yng th occurrence of
LPS in PS preparations. Our results are presei.t td ii the .ittached manuscript,
which has been submitted to the Journal of nrimu}(Jociy. briol ly, we found
C3H/HeJ mice to be responsive to the toxic, --irir - jenic af-I mtoenic properties
of P. aeruginosa LPS, thus making these mice unit niib) ex-&rimental toois for
the assessment of P. aeruginosa LPS contaminiti.(: 1 (,dr PS. We tlierelore turned

-" to Baib/C mice to get at this problem. Balh/( < ' ex,ellent respoiiders with
antibody to P. aeruginosa LPS (Table XIII). We theruiore made a mixture of
0.01 -ig LPS with 100 pg of PS and gave this to F:;alb/C mice. Table XIII shows
that mice given 0.01 pg of LPS had an average 1percentage binding of 81.4% in
the RABA 5 days following immunization while mice given 100 ig of IT-I PS
only had a binding of 5.0%. Mice given the mixture of PS and LPS had a per-
centage binding of 37.0, lower than that of the LPS alone but significantly
higher than that seen with the PS alone. These data indicate that there is
at least less than I part in 10,000 of LPS in PS preparations. Further support
comes from the data in Table XIV which describes the dose response curve of
C3H/ANF mice to IT-l PS and LPS. These mice tequire hiher doses of LPS

N. (about 0.05 pg) to make good antibody response to LPS. Lower doses are in-
effective. These mice also show a good response to PS at I 11g. The requirement
of 5% as much LPS as PS for an immune response in these mice is well within
our capabilities of detectinq LPS in PS, and since chemical studies indicate
less than 1 part in 1,000 of LPS in PS, we feei confident that the immune
response seen in mice to PS is not due to LPS contamination.

F. Progress on in vitro Cellular Studies

In vitro studies on the ability of IT-l PS to stimulate mitogenisis in
spleen cell cultures were undertaken. Table XV shows the dose response curve
of spleen cells, measuring the incorporation of triLiated thymidine, to IT-I*..

PS and LPS. PS was found to bc mitogenic for spleen cells from C311 mice,
but required about 10 times the amount of LPS neded to produce maximal
mitogenesis. Treatment of these spleen cells with either anti Ig or anti-theta

*sera and complement (C') knocked out the PS mitUieniUity, whereas treatment
with anti-Ig only knocked out the LPS mitogeniciLy. Treatment with anti-theta
sera and C' knocked out the Con A induced mitogenicity (Table XVI). The loss
of PS mitogenicity by knocking out either L (aoti-Iq treated) or T (anti-theta
treated) cells suggests that PS is a B cell itoen rev.itring T cell help
for this. The B cell mitogenicity of P. aetuginsa LPS is consistent with

*the reports on the mitogenicity of other LIPS' (4), and the data on the Con A
control indicates that the T cell mitogenesis ,,fect wa.:- indeed lost following
anti-theta treatment.

.1'?

""4 . ." ' " .7'.''',-. ." • .t. :
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TABLE X1ii

Immune Response of Balb/C Mice to Immuiiizcation
with IT-i LPS, PS, and a m1iture

of 0.01 pg IT-I LPS in I OJ p IT-. PS

ANT. iPERCEN"'AGE BINDING
ANTIGEN _ iN THE RABA

LPS 0.01 81.4

LPS 1.0 69.2

PS 50.0 5.()

LPS + PS 0.01 + 100 37.

,-

.56
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TABLE XIV

Dose Response Curve or ('31i 'AJF Micc
to Immuni-ation with IT-i .PS .,n d IT-. PS

ANTIGEN DOSE (ig) .',/ml A' TIbODY

PS 0.5

PS 1.0 1 ; 6

PS 50.0

LPS U. 012.0
LPS 0.05 55

LPS 0.50 3i.7
LPS I 1 0 44.1

.%'%

a represents pg/ml oi antibody cover ,'re-inuuIne

levels fiom an averag(e ot 5 ie

1p

"S..

S-.-

-0

~.. *l'%

O.
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TAILE NXV

Mvitogenic Response of C iI/Atli' MOUtiA
Spleen Cells to Various Do-),:cs C)!

IT-I PS and lL'-l P

* ..

MI T. C!1 OF 11
* .ANTIGEN (pg/mi) J-N2OPTO1UATED

Ps 5 1~,
PS 10. . .. . .

PS 50 14,e VDo

LPS 0.5
LPS 2.5 P),040
LPS 5.0 18, 34 7
LPS 25.0 24,332
LPS 50.0 .23 ,L23

-. LPS 100.0 2 3,817

%" %

S

.

pi
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TABLE XVI

Effect of Treatment of C311/AN' Mou:;u Splcen Cells

with Anti Ig or Anti Theta and C' on itoq~cnicity of
IT-I PS, IT-I LPS and Concai,)vilin A

DO£ CPM If
TREATMENT MITOGEN g /nl INCORPORATED

IT-1 PS 50 14,000

Anti Ig + C' IT-i PS 53 107

Anti Theta + C' IT-i PS 5(j 39

IT-I LPS 2 7,000

Anti Ig + C' IT-I LPS 25 600

Anti Theta + C' IT-I LIPS 2 , 4,000

Con A 199,000
Anti Ig + C' Con A ] 6,000

Anti Theta + C' Con A 1 679

.9'

'.-.

.

5._
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TABLE XV i1

Protection of Burned Mice by
IT-I PS Vaccinit.io),

" IT-I PS AMIT. MOUSE NO. ."I[t!<VIv-< ; PERCEN r

(ug) STATUS 7( ,-AL SURV VIL

0 Not burned 0/5 0
50 Not burned 5/5 1.00

S.,

0 Burned 0/5 0
1 Burned )/ 5 a 0

50 Burned 0/5 a  0

a in these groups there was 60% survival 't 18 hy. as compared to
100% mortality at this time in the group ,liven 11o alLigen.
However, all mice were dead by 5 days in t glo'; croupI;.

;4

p .
'S4

5%"

"-S

0
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G. Progress on PS Vaccine Efficacy in AnimnaJ M(,del. .

[i We have attemp~ted to assay thei efficacy of the PS wacc~ne in* a burned

.mouse iode and in preventing pneumonia related death iii quine, pigs.
Dr. I.A. Holder of the Shriners Burn Institute in Cincinnati, Ohio, tested
a PS preparation we made from his mouse strain M-2 of P. aeruginosa in
burned mice. Although this preparation had qcod efficacy in protecting
non-burned animals (Table XVII), it only slightly prolonged the time to
death when tested in burned animals. Since we ne not stUdying M-2 PS
but IT-I PS, we have sent IT-I PS to Dr. Matt illov-k cv th,- Uniformed
Services University of the Health Sciences for tL!sti'cq in b'irned animals.
Results are pending.

Dr. Jim Pennington here at Harvard Medical icvo u ]fs been tosting
the IT-I PS in guinea pigs as a means of aotuctin-j ,cr.insL . P. acruqinosa
induced pneumonia. The PS, however, is Lotally ,II- iLI!..qt2niC l111uii 11
pigs, as measured by humoral immunity, And thvjo. has not proven effective.
However, IT-I LPS, which is serologically similai to I'-I PS, is effective
in producing protection in guinea pigs. WV: LheLuLcrw feel that the Lack of
immunogenicity of PS in guinea pigs is the Irobl cm hre, .ind not the efficacy
of antibody directed to the PS determinants. GGinea pigs are known poor
responders to polysaccharide antigens, and their lack of response to doses
as high as 1 mg of IT-I PS attests to the lack o LPS in this vaccine.
We are currently attempting to raise a high titered rabbit antisera to IT-I
PS for use in passive transfer studies of guinea piq pneumonia.

j1%

4P
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